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EQUATIONS AND CHARTS FOR THE RAPID ESTINL&TION OF HINGE-MOMENT AND
EFFECTIVENESS PARAMETERS FOR TRAILING-EDGE CONTROLS HAVING LEADING

AND TRAILING

suhfMARY

EDGES SWEPT AHEAD OF TEE LMACH LINES ‘

By KEIWITH L. GOIK
.—

—

=sting conicc+%w 8ohction8 hare been u8ed to cakzdate the
hinge-moment and eJectirene8s parameter8 of trailing-edge con-
trols hwing leading and trailing edges wept ahead of the
Mach lines and hating streamwise rod and tip chord8. E@a-
tion.s and detailed charts are presented for the rapid esthwtion
of the8e parameter. &80 included i8 an ap~ratv”?nate method
by whtih these parameters may be corrected for airfoil-section
thickness.

De#ected controls are a8wmed to be located either at the wing
tip or far enough. inboard to prerwd the outermost Mach line8
from the contro18 jrom cro8ting the wing tip. For either of
the~e lucation8, the innermost Mach line8 are assumed not to
cros8 the wing root chord. % method for determining con-
trol hinge moment resulting from wing angle-ofxttaek loading
is did for un”ngplan form8 han”ng the leading edgm swept
ahead of the Mach line8 and hating 8treamw&e tips. l%e only
additional restricting are that the contro18muet not be influenced
by the tip contial$mo from the oppom”tewing panel or by the
interaction of the wing-root Jfach cone with the wing tip.

INTRODWTION

Linearized theory, though neglecting viscosity and second-
order effects esisting in practice, is the most prectimI method
now avaihble for estimating the characteristics of controI
surfaces at supersonic speeds. A general application of this
theory to control surfaces having edges swept either ahead
of or behind the Mach lines is presented in reference 1.
(Edges swept ahead of or behind the Mach linm are subse-
quently referred to as supemonic or subsonic edges.)
Conical-flow solutions for v~ous deflected controI con-
figurations are presented in reference 2. Such sohItions
were used in reference 3 to ewduate the characteristics of a
restricted famiIy of trailing-edge control surfaces.

In the present report a generaI analysis based on existing
oonioal-tlow solutions has been made which WN apply to a
broad range of traiIing-edge mntroI configurations having
supersonic edges and will provide for a comprehensive cowsr-
age of contrcd Iocation, aspect ratio, taper ratio, and sweep.
Equations and detailed charts are presented from which
Iift, pitching-moment, roUing-moment, and hinge-moment
coefficients due’ to control deflection and hinge-mommt

coeflicieut due to wing angle of attack, as predicted by
linearized theory, may be determined in an estimated 5
peroent of the time required without the use of such equa-
tions and charts. Also included is an approfite me.&~d____
by which these hinge-moment and effectiveness parameters
may be corrected for airfoikection thickms.

The equations and charts pmented are applicable to
controI+urface plan forms that vary throughout. the ragge
in which the leading and trailing edges are supersonic and
the root and tip chords are in a stieamwiae direction.
Deflected eontroIs are assumed to be located either at the . ...

W@ tip Qr far ~o~h ~board to prev~t the outermost
Mach lines from the oontroIs from crossing the wing tip.
For either of these locations, the innermost Mach lines are
assumed not to cross the wing root chord. The method for.. ..=
calculating the hingmoment coefficient due to wing angIe
of attack is valid for wing plan forms having straight super-
sonic edges and streamwise tips. This method is restricted ,
only in that the controls must not lie in a region influenced. _
by the tip conical flow from the opposite wing panel or by
the interaction of the wing-root Mach cone with the wingtip.

SYMBOLS
.—

M free+tream Mach number
. .

.- —

B=l=
c,, c, functions of Mach number used in calculat-

ing t-ivodimensionaI-flow characteristics _.~~
A angIe of sweep of wing Ieading edge, posi-

tive when swept back
A3L angIe of sweep of control hinge @e, posi-

tive when swept back
ATE angle of sweep of wing trailing edge, w+ ___

tire when swept back
br span of control surface
Cfr root chord of controI surface

Cft tip chord of control surface

x, control+mrface taper ratio (c~JcJr)

Sf area of controI surface
AI aspect ratio of control surface (6~/JSJ ‘-
A;=13Af “
.31= area moment of control surface about

h~e axis

I supsmk SACA TN zw. “Eqnatlonssnd Chrts forths RapidEstfnmtlonorHbrm+lommtd Efieetiw= p_*~ f~ T~~&Edim Cmtmh~!b ~dh ~d __
TmIIinc Edws Swept Ahfsd of the Mo& Liudr by Kemith L. Gofu, 19!50.

937



REPORT 1041--NATIONAL ADVISORY COMWTI’EE FOR AERONAUTICS938-

s.
S..

m.

10

5

3

e’

t/2c

W)m..

Xic

XJC

(me) ‘, (x/c)’

Xf

?+ff

b
c,
c~
z
s

tan A
9=— B
~= hIn hHL—

b
~ _ tan ATE

P

u

(1

(!

area of a loaded region
area of part of deflected control surface

lying in twodimensional-flow region less
area lying in region of overlap of
conical-flow fields

moment of S% about hinge axis

moment of S% about control root chord.

distance of center of loading “from control
hinge axis measured normal to hinge axis

spanwise distance of center of loading from
control root ohord ...

slope of airfoiI-section contour
one-half airfoiI-thic.kness ratio. measured

in plane normal to control hinge axis
maximum airfoil-thicbees ratio .measu.reel

in plane normal to control hinge ax&
chordwise position measured in plane

normal to eontrcd hinge axis
chordwise location of control hinge axis

measured in plane normal to control
hinge axis

dimensions measured in plane nomal to
wing leading edge

distance of leading edge of control root
chord behincl wing axis of pitch

distance of root chord of control from. root
chord of wing

wing span
wing mot chord
wing tip chord
mean aerodynamic chord of wing
area of semispan wing

-.

.

.

wing angle of attack, degrees
angle of control-surface defection meas-

ured in streamwiee direction, degrees
free-stream dynamic pressure—

~L,=Lift induced by deflected control . ..>-.
qsf

Moment about control root chozdinduced .by

0,’=
deflected control . . .. .

~Lsr
~ , Moment about hinge axis induced by deflected contiol
Jm = 2 q ill.—

C*=*’ ---- -“ ““” ‘--

~L=Lift induced by deflected contro!.. ,,
qs .

cl_ Rolling moment about wing root chord—.
2qbs,

=-_ .._
.

Pitching moment about wing ask of pitch
cm= - --- .-

@M

F1

Fz

F8

‘Ap

c,

c.,

P’
P “’”

T

T’= V+ ATE
t=#3 tan r
t’=p tallr’

1~=– ,
t

Subscripts :

6, a
. ,

Cp

Superscript:
*

thickness correction factor for C!!,’and L’l,)

thickness correction factor for C~aand Cm,’

difference between local prcsaure andst ream
static pre9sure

pressure coefkcient (Ap/q)
two-dimensional pressure coefficient

/ 26 \ / 2a J

locrd pretiure m“tio (Cp/CrO)

averago value of pressure ratio P’ over

conicaI-flow region
(%=)

angle denoting arbitrary posit ion of ray
in conical-flow field

.,,

nondimensional coordina~ used in inte-
gration of wing root and tip conical
pressurw

angle of sweep of line inbmsecting conical-
flow regions of wing at angle of attack

denote partial derivative of force and mom-
ent coefficients with respcc~ LO8 or a

denotes center-of-pressure ray Iocat iol~

indicates that pmametkrs P, ~>&j PSG,
PSLV, t.,’, and r,, refer to loss of load-
ing from two-dimensional value rather
than to acturd Ioading

ANALYSIS

CHARACTERISTICS ”D-i.-fiTo DEF~E~IoN OF c~NT”RoL suEFAcE~ _ —

Scope,—Existing soIutions ●of the linearized equations of
fluid motion have been used as a basis for calculating the
charactmktios due to deflection of trailii-edge control
surfaces on winga in steady flight at supersonic speeds.
Thesm solutions, as presented in referenco 2, are applicrddc
to configurations for which the leading and trailing edges of
the control are supemonic and the root and tip chords are
streamw%e. Two cent.rol-surface locntionS me consi@ed.
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The contrcd is assumed to be located either at the wing tip
or far enough inboard to prevent the outermost Mac-h line
from the control from crosshg the wing tip. For either of
thww Iocat ions, the innermost Mach lines are. assumed not to
cross the wing root Chor& For these locations, deflected
control-surface characteristics are functions only of Mach
number and controkmrface pkm form. (The parameter
C% depends on contrcd-surface Iocation only when the
control is located inboard from the wing tip and Iies in a
region idluenced either by the interaction of the cent ml-tip
Mach cone with the wing tip or by the reflection from the
wing root chord of the innermost control Mach Iine.) Lf
the %it ations pretiously mentioned are considered, the
analysi is valid for all controls emept those located at the
wing tip and having the inboard conical-flow regions inter-
secting the tip. In such cases, the conical pressures on the
control, as gi~en in reference 2, are not applicable in the
region infhenced by the interactio~ of the Mach cone with
the wing tip. Necesary corrections for this region can be
determined by the method described in reference 4. Such
corrections are not considered in the present report because
of the prohibitive amount of computation inYolwd. Results
not inchlirg these corrections are presented, however,
because they should be veqy useful as an indication of trends
and should in many cases closely a pproxirnate the corrected
IWuIt.

Method.-In order to determine control-surface character-
istics, the tvm-dimensional region and the triangular se~ents
of the conica140w regions (fig. 1]are considered independently.
The characteristics are obtained by summing the products
of pressure ratio and nondimensional-area and moment-arm
parameters fo; all parts (table 1). The nature of conical
flow is such that the pressure is constant along any ray from
the origin of the flow field. Any M.nitesimd triangle having
the origin of the flow- fie~d as an apex, therefore, has its
center of pressure 1ocat4 at two-thirds of the distance from
the apizx to the base. It follows that. the summation of the
loading of such infinitesimal triangles results in a finite
triangle ha-ring its center of pressure lying on a Iine parallel
to the base and located at two-thirds of the distance from
the apex to the base. The center-of-pressure location and,
consequently, the d~ired moment arms can therefore be
determined from the location of the ray on which the center
of pressure lies. General equations for the average pressure
ratio and center-of-pressure ray Iocation for each conical
segment (tables H (a) and H (b)) were obtained by in tegrat-
‘bg the pressure equationa of reference 2. (see appendi~ A.)
Table H(c) presents equations for the nondimensionakmea
and moment-arm parameters (in terms of center-of-pressure
ray location] for each conical segment-. Equations pertaining
to the two-dimensional region were obtained by treating

thisregion as a simple geometric mea and me also includtd___ ._.
in table II(c). Results obtained by e-dusting the genera~
equations of table II when they become indet ermirmte
at taper ratios of 1.0 are presented in table 111.

For figions in which the two conical-flow fields overlap,
the method of superposit ion must be used wherein the losses
in pressure ratio from the two-dimensional value (P’= 1.0) ___
in the t vro conical-flow regions are aMit ire; that is,

P’=l.o–(l.o–P=c;) –(l.o–,Pmc;)

..- —

(subscripts mcl and mc, refer to’ inlmard and outbod
conical-flow regions, respectively.) The net effects of the
pressure distribution in this region are obtained by adding
the effects of the two conicaI-flow re&ions as though the flow
regions did not overlap and by subtracting the effects of a
two-dimensional pressure distribution. This subtraction is
accomplished by use of the equations for the two-dimensional
region (tabl= II [c) &d III (b) ). In calculating control
hinge moments it was convenient to calculate the effects of
regions I. and IL or III (@. 1) and then tb subtract the
effects of the parts of these regions Iying off the control.
For controls located i-it the wing tip and having the inboard
Mach cone intersecting the tip,- a-similar procedure vms also
used to reduce to zero the lift, pitching moment, and rolling
moment ccmtrl%uted by the triangtiar part of the inboard
conical-flow region lying beyond the tip. As previously
mentioned for this case, a rigid application of Iineaiized
theory -would require a correction, as described in reference 4,
to the loading assumed in the region influenced by the inter-
action of the mot Mach cone with the free edge. It should
be pointed out that the areas influenced by such interactions
become appreciable for extreme ccmdit ions and apprmimate
results for such contlgumtious should be used with caution.

HINGE MOMIXT DUE TO WNG A?JGLE-OF.ATTACK ~SGE

Scope.—ConicaI-flow solutions for swept wings at super-
sonic speeds, as presented in reference 5$ are used as a basis
for the analysis. These solutions me applicable to wing plan
forms having straight supersonic edges and strwwntie tips.

~ in the anaIyeia for deflected control surfaces, only con-
trol surfaces having supersonic edges and streamwise root

-.—

.- .-

—.

and tip chords are considered. ‘ The only restrictions re-
garding contro~ location are that the control must not lie in a ._
region influenced by the tip conical flow from the opposite
~ panel or by the interaction of the wing-root Mach con.~ _
mth the wing tip.

—

Method.-The method consists -entially of determ&ng
the hinge-moment parameter P&Z for the flap by assu-ting ““”-
two-dirnensional loading and then subtracting the 10SSCS __
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resulting from the wing-mot and wing-tip concial flows.
The conical-flow 10SSCSare obtained by dividing the conical
regions into a series of triangular segments, each having its
apex at the origin of the Mach cone, and by summing the
hinge-moment parameters (.PSLE)* for the9e segments as
illustrated in figure 2. In determining (PH)* for the
trianguhir segments, integrations of the loading are nec-
essary for obtaining P* and Z. @ has been previously
explained for this type of conical-flow segment, “it is sufficient
to determine P* and tm because the moment arm Z can
be determined from t.p. The method for obtaining P*
and t.P is illustrated in figure 3 and involves integrating the
prwsure losses along the baaes of the segments. From
integrations of the pressure losses betwem Oand n] (or O and
rl’ ), values of P* and nm (or rt~’) are obtained. Values of
P* and values of tc., corresponding to n,, (or rcr’), obtained
in this manner are applicable to the triangular segment
bounded by the Mach line, the ray r=rl, tmd the section
intemecting the hfach cone. Results have been obtained
by numerical integration using Simpson’s rule (reference 6)
except in regions where the slopes of the pressure curws
become infinite (fig. 3). In these regions, integrating coef-
ficients, as presented in reference 7, have been used. Forms
by which the integrations were made am presented in tables
IV to VII. The upper parts of these forms are used for com-
puting the pressure distributions (1 —P’) along the sections
intersecting the Mach cones (@. 3). In the lower part of
the form, the areas and ar.m.momonts about n (or r’) =0
of the curves of 1-P’ plotted against n (or r’) are deter-
mined and are used to obtain P* and tCPfor the corresponding
triangular segments. Tables IV to VII can be used directly
for calculating the loading distribution for intermediate
cases or cases not included in the present report.

METHOD FOR APPROXIMATELY CORRECTING RESULTS OBTAINED FROM
USE OF 13NEARKZED THBORY FOR AIRFOU.-SECTION TEtCKNES9

&ope.—The method for approximately correcting the
theoretical results for airfoil-section Lhiclmess is based. cm
the assumption that, at any chordwise position on an airfoil
having finite thicknem, the ratio of conical to two-
dimensional pressure is the same as that predicted by linearized
theory for an infinitely thin flat plate. (This method is a
variation of the method presented in reference 8.) The
me tied can be logically appiied only to cor&gurations having
similar sections at all spanwise positions affected. The
method is expected to give most accurate results at modera te
and high Mach numbers for thin contds located inboard
from the wing tip and having relatively large areas over
which the flow is two-dimensional. -

Method,-On the basis of the preceding assumption, the
method requires the determination of the following three
factors:

CL’(Tw~dimensional with thickness)
‘1= CL’(Two-climens”ionQ flat’= ““””““

_C’1’(Two-dimensional with thickne=)
(Two-dimensional flat plate)

(r)
Q[

COMMITTEE-FOR AERONAUTICS

Cm’(Two-dimensional with thickness)
~’= Cm’(TwOdimewional flrtt plate)

=C,(T]vodimegsional with thickneas~
o-dimensional flat plate)

(2) --
oh (Tw

C,(l%odimensional with thickness) (3)‘8= Ch(’Two-dimemional flat plate)

(The coefficients in equations (1) and (2) arc for defkctcd
cop trols, and the coeilicients in equation (3) are those resul[-
ing from .y-ing angl~of-attack loading.) Corrected values

‘ oh,, and Oha are obtained by mdtiply-Of c~)j Clats cm, s
ing the results obtained by use of the linearized theory for
threedirnensional flat plates by the appropriate factors.

The factors are determined, as described in appendix B,
by using the Busemann second-rder approximation to
determine the coeftlcients for sections having thickness. This
approximation givea results which are generally in good agree-
ment with results obtained by use of the more involved
exact theories. The theory is not considered accurate,
however, at Mach numbers for which the shocks bccomo
detached or at Mach numbem below about 1.3 (reference 9).
For the general group of airfoil sections that are symmetrical
about the chord plane, equations for the correction factors
as derived in appendix B are:

CHARTS

PRESENTATION

Aside from the restrictions regarding location, the charac-
teristics of deflected control surfaces are functions only of
control plan form and hlach number. The effects of plan
form and hlach number arc determined from solutions to

tan AHL
equationi (t&bles I to 111) involving the variables —

P’
tan Am
—~ and An

P (
For untapwed controls the variables

are tan AHL
)

and flAP Figure 4 presents IWh’, flC’1,’,19C-,’,
P

and 6Cht as functions of these variabka for contrcds Iocatcd

at the wing tip. Each chart of figure 4 presents the chwac-
teristics of a series of plan forma having a fired hinge-hnc
sweep angle (if the Mach number is considered to Ix? fixed)

*
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and varying traiLing-edge sweep angles and taper ratios.
The did-line curves present the effects of varying taper ratio
for plan forma having fixed hinge line and traiIing+dge sweep
angles. The characteristics of controIs having constant as-
pect ratios are indicated in the charts for 13C%by dashed

Iines. Constant-aspect-ratio curves are not iduded in the
charts for the other characteristics because, in many cases,
they would be quite confusing. If desired, such curves can
be drawn by simply determining the taper ratio at which the
curve will intersect each of the curves of constant d from the
folloming relation:

2—f4r’(a-d)
‘r=2+A; (a–d)

For inverdy tapered controls, the parameter I/kr is used as
a coordinate to avoid elongat.ion of the curves. Calculations

were made at values of Ar and L =0, 0.20, 0.40, 0.60, 0.80,
Xf -

and 0.95 and at values of A~=O.8, 2.0, 4.0, 6.0, 8.0, and
10.0 for untapered controls. Calculated remdts not included
in the charts are presented in table VIII. The rewdts not
included in the charts are maidy for configurations having

values of’% near 11.0[ and, consequently, having ex-

tremely large areas of induced loading on the wing. Results
for such configurations me of little practical vahe because if
these large areas are to lie entirely on the wing, as has been
assumed, the wing must have a very Iarge span or the control
must have a veqr sma~ chord.

Charts presenting the characteristics of deflected controls
located inboard from the wing tip are presented in ilgures
5 and 6. These charts wiry somewhat from those for con-
trols located at the wing tip. Equatious for 13C%’ and

13Cm,’ were aimpIifLed and found to be dependent onIy on
tan .iHL and tan Am— .

B P
These equations, tith rwuIts ~

chart form, are presented in figure 5. Charts for ~akf and

/3GJ,’ (@. 6) are presented onIy for normal taper ratios

because the characteristics of inversely tapered contrcds can
—tan AEL —tan ATE

be obtained by entering the charts at ~ ‘ ~ ‘

and I/&.
The computing form for C*=is presented in table IX md

is seLf-explanatory. Supplementary charts for determining
the loading distribution (P* and t.,) for the various triangdar
segments of the conical-flow regiona are presented in figures
7 to 10. It should be pointed out that @u.res 8 and 10 can
easily be used for determining the spanwise and chordwise
loading of the wings considered in this re~rt and @ tier+
fore be of value in making loads analyses.

USE

In order to use the charta for determining the character-
tan AHL, tan A&, *nd

ist ms of deflected cent rols, vaka of
B D

1, for the con.figumt ion beii considered must be detmnined.

These vahma are then used for entry into the charts, figures 4 .-
or 5 and 6, depending on control Iocation. The c_oefEcients ‘
obtained from the charts have been made nondimensional ._
b-j- use of contrcd geometric parameters. For determining
the coefficients based on the usual wing parameters, the fol-
lowing equations are given (approximate thickness correction ___
factors are included but can be negkcted by Ietting the . . ..
factors equal 1.0}: —

, Sf
(CLJG’=F,C% ~ (7)

(8)

(9)

(chJ.=F@*, (10)

indicates that the approximate thickness(The subscript c
correction factors have been included.)

For det~ the control hinge moment due to wing
angIe of attack, preliminary cakxdationa are firstmade on the
computing form of table IX. Results of these computations
indicate positions in the charts (&s. 7 to 10) from which P*
and t.B are to be obtained. Values from the charty are thm-
inserted in table IX and the operations indicated in the corn-.
puting form are completed. ‘l%e approximate thiclmess cor-
rection factor can be applied by use of the following equation:

(G=), =F,G= (11] -.:
.-

ILLUSTRATIVE EXAMPLE

ban example of the use of the charts, the controkmrface _
characteristics are determined for the con@ration shown in
@ure 11. The wing is assumed to have 5-percent-thick __
symmetrical parabolic sections in phmes normal to the
control hinge Line.

~t and pitcl@-moment coefficients ire obtained by
tan &L

entering the charts of ftgure 5 at vahws of ~ =0.40 and

t~ ATE
—=0.35. lling~~oment and rolling-moment coef-.

B
ficienta are obtained by entering the charts of iigure 6 (g] at

dues of ‘*= 0.35 and +0.713. Coefficients obtained

from the charts are 13C..’= 0748,8, 19C.,’=-O.0365,

I?C,,’= 0.0372, and i3C%=-0.0345. &e calculation of C.= “”

for the example is presented in tabIe IX. Preliminary
calculations are made in table IX (a) and in $ohmm (1) of
table IX (b). Values of n and # calculated in column (1) are
used to enter the charts (@a. 7 to 10]. ‘Taluea of P* and t.,
obtained from the charts are inserted in columns (2) and (3)
of table IX (b) and the computations are completed. The
theoretical value of C*=is –0.0194.

.—
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The equation for. the section contour in a plane normal to
the control hinge axis is

+=2(9..[:-(37
The slope in this plane at any point along the airfoil is

:=’(:).:(’-’3
c“

(12)

(13)

Substitution of equation (13) in equations (4) and (5) yields
the following equatiom for F1 and F?:

c,t”
() (14)F1=l–4~ ; >

nm.cc

‘-’-%(:)J1+2:)
2— (15)

For determining F3, the equation for the section contour
in a plane normal to the wing leading edge is written as

[1(t)’ 2(:)..=(:)-w ,,,,
5 ‘COS (A—A~J

()
I+ K:’ -

where

K=tan (A–AH.) tan (A–i=.)

The slope of the airfoil contour in this plane is .

or in terms of xic

‘(a’ ‘($:1, “:” ““”:
.()

[1 –+l:X(;)’] (1’~)
d;’

‘Cos (A —AHJ

Ehbstihiilon of equation (17b) in equation (6) yields the
following equation for FS:

From equations (14) fi@)., and (18), the following correction
factors qre obtained for the sample configuration: IL =0.8077,
Fz=O.7889, and F8=0.7355. It is of interesL to note that
these values indicate appreciable loses in loading due LO
airfoil-section thickness, and it might be pointed out that
greater losses wotid be obtained for tlicker airfoil Seetione; .

The coefficients obtained from the charts and the preced-
ing correction factors are then substituted in cquationa (4)
to (8). The results obtained are.

(r.Jc=o.oo411

.( CQ,=-O.00318

(C, Je=0.000619

(C’,JC=–0.0182

((?,=)C=-0.0143
.

LMGLEY AERO~AHCA~ IJABORATORyl

NATIONAL ADV180RY COMMITTEE FOR AERONAUTICS,

LANGLEY FIELD,VA., September 8, 1950.
.



APPENDIX A

METHOD OF EWTEGRATINGPRESSURES OYER CONICAL REGIONS OF DEFLECTED CONTROLS -. —

The pressure distributions in the conicaI-ffow regions
shown in figure 12 are given in reference 2. With suitable
changes in notation these are:
For region 1,

P’=: CoS-l ~

For region III,

(M)

(A2)

Because the flow is conicaI in regions I and III, integrations
of _the pressures alo~m the trailing edge within th= regions
me representative of integrations o-rer corresponding tri-
ana@ar segments having the Mach cone origin as apexes.
For such integrations, a coordirktte for distance aIong the
trailing edge must be introduced. The nondimenaiomd
inordinate chosen vias t’=fl ~tan r’ (~. 12 and reference 2].
The integrations required for determir@ average pressure
ratio and center-of-pressure ray location for any segment are

and

f;’’t’P’df’
~cpf=.h’

s‘“P’ dt’
:1’

. (A4)

(Subscripts 1 and 2 indicate values of t’ corresponding to the
end points of the part of t’ over which integrations were made.)

A Mach numbeq of W wasiassunied forconvmience (j9=l)
in making the integrations of equations (A3) and (A4). This
assumption ia valid because any case of Mach number greater
than I can readily be reduced to an equivalent case at ill= @
by an aftine transformation corresponding to the Prandtl-
Glauert transfomnation for the subsonic ease (reference 5).
An example of this transformation is shown in figure 13.
The equivalent pkm form is obtained by dividing all stream-
wise dimensions by # and Ieahg lateral dimensions un-
changed; consequently, wdues of a, d, and t (for equivalent
points) are the same. From equations (Al) and (A2), it can
readiIy be seen that. wIuea of P’ for eqtiwdent points are the
same. It follows that summation of ~ over equivalent
regions results in equaI vahws of P and tm. It is apparent .
from figure 13, however, that -mhms of tq’ are different.
This difference is of no. consequence because values of tm for
the equivalent wing (obtained from to’ and geometric re-
lations) are the same as values of tm for the initiaI wing.

The procedm foIIowed in h-e integrations of equations ‘–
(M) and (4L4) are the same for regions I and III and are - –
only shown for. region I. If the Mach number ia assqned —
to equal JZ, where. j3=l, equation (AI] may be written in

P’=L ~w-l(a+@–(l –ad)tf
‘n- (I+ad)-(a-d)t’

If y is substituted for cm TP’, eqgations (A3) and
become - ‘%$:, -j,.

–(1–a~(l+&) ‘a

J

Cos-ly

P=
r ~1 [(1–ad)-(a-@y]*dv

dy
–(l–a?(l+d~~~[( l–ad)–(a–~~]z

.- ——>

(M) :.:

(=)_.

(A6)

Integration by parts was then ,employed in the solutions
of equations (A5) and (A6).

L..

For cases in which the conical-flow region ovedaps the
opposite parting line, the a-mrage pressure 10ss and. center-
of-prwmre ray Iocation are required for regio~ %’ and 1*
(fig. 1).. Equations (A3) and (A4) maybe ~d fi ob,t~~~g
the solutions for region ~ by a slight modification requiring :
no additional integration. Th~, —

r t~’‘“(1–P’) df’ r P’dt’
p*=. ~i’ *Z,

J
=1–‘J’’t,r

J
(AK)

dt’ ~1, dt’
11’

In obtaining the solutions for region I, (fig. 1), essentially
the s~e procedure as previously outlined was used. The .-

.
parameter r=; yas used to represent distance along the

parting line nondimensionalIy. VaIuea of P* and ~~ were
obtained by making integrations similar to th~ in WUS- _
tions (A7) and (As) (before simplifications).

-.

Results of integrations over all regions shown in fig~e 1 ,..._
are presented in tables II (a) and II (b). Results of evalu-
sting these equations at taper ratios of 1.0, where they _
become indeterminate, are presented in table III (a). _
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APPENDIX B

METHOD FOR DETERMINING THICKNESS CORRECTION FACTORS

The pressure coei%cient at any point on a two-dimensional
surface as given by the Busemann second+rder approxi-
mation (reference 8, with suitable changes in notation) is

c.= 01(8+0)+ C*(GW-8)’ (331)

(The angle 6 is considered positive when calculating Cp for
lower surface and negative when calculating c, for upper
surface. Throughout appendix B, ~ is considered to be in
radians.) The constants c1 and 02 are functions only of
Mach number. Equations for these constants and tabu-
lated vahws are prssented in referenca 10.

The lifting pressure coef%cient at any chordwise position
is simply the difference between the pressure coefticienta on
the lower and upper surfaces. The net lift coefllcient is
obtained by integrating the local lifting pressure coef6cients

()between the hinge hue ,~=~ and the trailing eclge

(~=1.0) (Seefig. 14.) Thus,

(The subscript L and Z1denote lower and upper surfaces.)
Similarly, the hinge-moment coefficient is obtained by inte~
grating the products of 10CSIIifting pressure coef%cient and
moment arm between the hinge line and the trailing edge.
Thus,

An application of sweepback theory, as explained in refer-
ence 10, must be used for. determining C’PL-CPU. It is im-

portant to no to that, for deflected controls, this theory
requires the use of the Mach number component and the
airfoil section iu a plane normal to the control hinge axis.
Values of CL’ and ~h thus obtained are based on the dynamic-
pressure component normal to the hinge Line and the deflec-
tion angle measured in a plane normal to the hinge line.
Valucs of CL’ and c; for a two-dimensional flat-plate control,
based on the, same g and 8, are obtained by considering the
Mach number normal to the hinge line in determining values
of Cl. Equations for them coefficients are

944

(B4)

(135)

The following correction factors are
dividing equations (B2) and (B3) by
(B5), respectively:

then determined by
equations (B4) and

I’,= 1
() s‘“0[(dp)L–(C,)U] d ; (B6)

2C,6 1–; ‘Al’

Fh=
q: 2hyI:(:-?)’(~,)’-(’’,)’”’~ : ‘B’)——

c

If the sections are assumed to be symmetrical nbout ilw
chord plane, equations (B6) aiid (B7) can be simplified brcnuac

Equations (B6) and (B7) then become

@8)

(B9)

The equation for F8, may be writ b.m ns equation (137) for
F, (substituting a for, 6)

In this case, how~ver, the airfoil section nrid 31ach number
mmpotie~t in a plane normal to the wing lending edge must
be” wed m determining values of C, nnd (C~)L– (C’,)u.

For symmetrical sections, the equation for FS may be
simplified in the same manner as the cquivahmt equntion
for ~S. Thus,
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Equation (1312) viilI in some cases become somewhat in-
d(lyl$’
— must be determined horn the equation

‘O1ved ‘ecauw d(x/c)’
for the airfoil section in a plane normal to the wing leading
edge and must then be written in terms of cc/c (unless the
surfaces are plane). It should ba pointed out that suitable
approximations for most symmetrical bicmmex airfoils (which
in general require involved expressions for defining the con-
tour) may be obtained by assuming the sections to have
parabolic contours. General eguations for the thiclmess
correction factors for symmetrical sections having parabolic
contours have been derived in the illustrative example of
the present report.
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TABLE I.—GENERAL EQUATIONS USED FOR DETER MINIXG C1311LlCTEliI$TICS (IF D EFLECTEIJ (7{) A-~RO-LS
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TABLE IL<OMPONENT PARTS OF EQUATIONS USED IN CALCULATING CHARACTERISTICS OF DEFLECTED COSTROLS _=
HAVING TAPERED PLAN FOR3fS -—
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TABLE 11.—COMPONENT
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PARTS OF EQUATIONS USED IN CALCULATING CHARACTERISTICS OF DEI?LECTED COKTR01fi9
HAVING TAPERED PLAN FORMS-Conthmed

(b) Ckmter-of-pressure Ray Location
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T.kBLE 11.—CO3IPOXENT PARTS OF EQUATIONS USED IX CALCULATING CHARACTERISTICS OF DEFLECTED CONTROLS
HAYING TAPERED PIAhr FORM.S-Concluded
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TABLE 111.—COMPONENT PARTS OF EQUATIONS USEI) IN CALCULATING “CIIAR”ACTERISTICS OF DEFLItCTIiD CONTROLS

HAVING UNTAPERED.. PLAN FORMS .
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FHJhlERICAL INTEGRATION OF PREEklURIM ALONG A STREAM WISbl MliCTION IN’1’ERkWCTING WING-ROOT MACH
CONIZ-Conoludwl
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TABLE VI.—EXAMPLE OF NUMERICAL INTEGRATION OF PRESSURES ALONG AN INCLINED SECTION INTERSECTING
MACH CONE
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TABLE VI1.—EXAMPLE Ol? NUhlERICAL INTEGRATION OF PR IRWURIW ALON(.; A Wli lMhl N71tiE HECTION INTEHHECTING WINCJ-TIP ~IJ\C;

g-o.m—
Jrl-(1-l-fl)-l.y

CON E
I-P

—- — ——— . .. ___ ---

(1) , .(0 (a) (4) (5)

r’ RI-(1) K+(l)
-1(4)

$} , ~,
— — — —

o*1 1,40 L 00 0.67M 0,100a

.2 Lsxl L 70 ,7647 ,Z12a

,8 L’20 Lw , .W7 ,m

,4 1.10.. l,m . Em ,8086

,s Loo 204 ,mw ,flw

.6 .90 2.10 , 4mR . awl

.7 ‘.60 . am ,0636 ,89M

,8 ,70 am ,cwa ,4016

.9 ,00 a4Jl ,am ,4190

L Q .&l ‘!4.00 .m ,4860

. .
r.,

. —. ..-.-.-—

(1) (2) (!9) (14) (!s)

—. —

MULTIPLIEWI

F 1-P - Wj’i’(’lj :W. ‘;%2, (“)+(~) }:~
IJ-o.l 0.2 Oa 0.4 0.s 0.6 0,7 0$ 0.9 1,0

— — — — — — — — — — — — — — — — —

0.1 0,mm 0,116601 0,067600 -0,004107 0.004167 0 0 0 0 0 0 0.Olowo 0,Olcw 0,000701 00OIMR1 0.mM
. — . . — — . —— — —

T .X219 -.062976 .070167
— —

,064167 -, 0206M o 0 0 0 0 0 ,olQao41 ,0Eo146 , Iw6at ,m8070 ,892S
— — — —

,8
— — — . . . . . —

,2677 0 -.020&ld ,064167 ,079167 0 0 0 0 0 0 ,0146ae ,0W17 ,Oms?o ,064718 .W

2
-— — — . . — — — — — . . — —

q .4 ,aom o .004167 -.004167 ,067600 . oa71Pm -.004167 ,004M’I o 0 0 ,ozeJ501 .C#w98 ,019672 , me2.Qo ,m77
. — . — — — — . —

,6 .6668 0 0 0 0 ,070167 . 0M16’7 -,020666 0 0 0 *0U67R , 11.5M0 ,084a4b= ,7711
— — . — . — — . — — —

.6 ,6E@l o 0 0 0 -, oxlIIM
— —

.064167 ,07$167 0 0 0 ,084846 , 16W11
— —

.Olw2a .WJow. .m
— — — . . . . . .

,7 , em o
. — — —.

o 0 0 ,004167 -.004167 .Omoo *0s7600 .-,004167 .004167 ,C@7046 . 1670M ,0774= . W4sl .7WS
- — — ,— —. — — —

T ,4016 0
— — — .

0 0 0 0 0 0 ,079167 ,064107 -, 07m66 ,0s9175 ,Z4a2#4 , 10C4418 ,WoM . 07Q0
— — — — — — —

.0
.— — ,— —

,41@s o 0 0 o’ 0 — — -, omn66o 0 ,064167 .079167 ,04m78 ,267310 ,1417444 s4omb9 , MM
— — . — —
1,0 ,4860 0 0

— — — .— — —
0 0 0 0 0 ,004167 -,004167 , O$moO , Mm , $m308 , IH24C41 ,492007 , I12Eo

r“
,.-. — __— —

(16) (17)

. —

10,OOOO 0,low
——

6,0000 ,1612

s.6686 ,1860— —
2.6000 ,2037

—- —
2,0000 ,2307

=+

1.M67 , ‘2K!0

1. 4m6 x
——

I,z.btil ,W

Lllll I ,awo

1,0000 \ ,9101



.

TABLE VII.—EXAMPLE OF NUMERICAL INTEGRATION OF PRESSURES ALONG A STREAMWISE SECTION INTERSECTING WING-TIP MACH
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EQUATIONS AND OHAETS FOR ESTIMATING = ~CI’EEISTICS OF SUPERSONIC COANTROLS

TABLE VIII.-COXL!ROL-SURFACE CHARACTERISTICS NOT INCLUDED IX FIGURES
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TABLE IX-COMPUTING FORM FOR C’h=

(a) Dimensions and Preliminary Computing Form
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Ep Mocb

6=4 flf’-l=l.4967 –

Tapered flap:

cone

Root C&i &

Tip case K

C{ra “’ Crt a
2i11.3>fl + ~d = bf — -5.2159

I Cfr—Cf, —

‘“=p(l–d)== Untapered flap:

1——
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() 1
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K,=@ +–v, =1.1225 1
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Ka= &/~z= 41.252S K,2=D
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A%i CHARTS FOR ESTI.MATIXG THE C*C?TERISTICS OF SUPERSONIC.

TABLE IX.-GOMI?UTIXG FORM FOR C%—Gonoluded

(b) Form for summing (PS,ZZZ* of triangular segments of coti”ca[-ffow region
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